Objectives: Speech is a complex function in humans, but the linguistic characteristics of sleep talking are unknown. We analyzed sleep-associated speech in adults, mostly (92%) during parasomnias.
INTRODUCTION
Sleep talking (also called somniloquy) is a fascinating and enigmatic phenomenon. The verbal utterances while asleep can be quite loud, ranging from simple mumbling sounds to loud shouts. In epidemiological studies, as many as 66.8% of adults report having ever talked during their sleep, but only 6.3% of adults speak at least once a week. 1 Most adults experiencing sleep talking already sleep talked as children. 2 Sleep talking is equally distributed among girls and boys and is mostly familial. 3 Sleep talking has received little clinical or theoretical attention, possibly because it has little health consequences apart from disturbing others' sleep when speaking too loudly (especially when background noise is absent and when the bed partner is close to the sleep talker) or disclosing secret information. 4 Verbal utterances are reported in nonrapid eye movement (NREM) and rapid eye movement (REM) sleep, but are more frequent in patients with parasomnia, including NREM arousal disorders (sleepwalking, sleep terrors, and confusional arousals) and REM sleep behavior disorder (RBD). In Parkinson's disease, weekly sleep talking is seven times more frequent in patients with than without RBD. 5 Notably, parkinsonism-associated dysarthria disappears during RBD in patients with Parkinson's disease and multiple system atrophy. 6, 7 The frequency of sleep talking is twice as high in patients with psychiatric disorders than in controls, especially in patients with post-traumatic stress disorder. 2 In regard to the nature and frequency of sleep talking during sleep, studies are scarce and ancient, dating from times when RBD and arousals were not yet identified. 8, 9 In 468 speech episodes produced by 31 sleep talkers, the median was 13.5 words per speech in NREM stage N1, 7.2 words in NREM stage N2, 6.3 in NREM stage N3, and 7.4 in REM sleep, with a wide variability between subjects. 10 Authors remarked that most sleep-speech is rare (a frequent sleep talker has to be monitored for at least four nights to obtain some verbal material), brief, and consists of a few words rather than extended remarks. 10 However, the syntax, semantics, and content of sleep-speech have not been studied yet, despite the fact that human speech is a complex, high-level function in awake people. We hypothesized that a study of sleep-speech content, using sleep-measurement techniques (video polysomnography) and disorders (adult sleepwalking and RBD) not studied in these ancient works, would shed a new light upon brain functioning during sleep. We systematically collected all sleep-associated utterances in the adults referred (or recruited SLEEP, Vol. 40, No. 11, 2017 Semantics of Sleep Talking-Arnulf et al.
by advertisement) for abnormal behavior or speech during sleep in the sleep laboratory and studied their frequency, association with each sleep stage and content.
METHODS

Subjects
A total of 232 subjects with sleep talking were included. We first monitored 15 healthy subjects recruited by advertisement who self-reported as proficient sleep talkers in 2010. They signed an informed consent and were paid for taking part in the study, which was approved by the Ethical Committee. The inclusion criteria for these subjects were as follows: (1) frequent episodes of sleep-talking (more than once a week); (2) aged from 18 to 40 years old; and (3) currently French speaking. Next, the verbal utterances were systematically collected in all adult subjects referred for abnormal behaviors or speeches during sleep during 3 years in the sleep disorders unit. The sleep neurologists defined the diagnosis of the patients after an interview of the patients as well as video polysomnography. The patients with sleepwalking or sleep terrors met the international criteria. 4 Because adults frequently combine ambulatory behavior and manifestations of fear and terror (either in the same or in distinct episodes), we combined these diagnoses in the sleepwalking category. Patients met the criteria for RBD when they had (i) a clinical history of complex, vigorous, violent, or injurious behavior during sleep frequently associated with dream mentation; plus (ii) enhanced chin muscle tone during REM sleep, or (iii) complex behaviors on video during REM sleep. 4 The collection of sleep-speech was part of the medical evaluation of the patients. Following the French law, the ethical committee waived written consent for this type of retrospective collection of medical information. Patients gave their informed consent for their clinical measures to be collected as video/audio clips and analyzed for research purposes. The patients for whom some sleep speech is displayed here as Supplementary Material gave an additional specific consent.
Interview
All the patients underwent a semi-structured interview that included a medical diagnosis of the sleep disorder (if present), an assessment of the clinical history, the age at disease onset, the native language, and occasional use of foreign language during sleep talking. The educational level and occupational status of subjects were not collected.
Video, Audio, and Sleep Monitoring
The subjects were present for one or two consecutive nights in the sleep laboratory under video polysomnography. The video polysomnography included Fp1-A2, and C3-A2, C3-O1 electroencephalography, a right and left electro-oculogram, EMG of the mentalis and tibialis anterior muscles, nasal pressure through a cannula, tracheal sounds through a microphone, thoracic and abdominal belts to assess respiratory efforts, electrocardiography, pulse oximetry, EEG-synchronized infrared video-monitoring, and an ambiance microphone located approximately 1 m above the head of the sleeper. The sleep stages, arousals, and respiratory events were scored by experienced neurologists using visual inspection according to international criteria.
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Collection of Verbal Utterances
We carefully examined the night video and audio recordings based on microphone monitoring and activation of the chin muscle (which always accompanied sleep talking in our experience), to find and select all verbal utterances, including talking (whether distinct or not), crying, shouting, whistling, mumbling, and whispering as well as lip movements without emitting sounds (resembling silent speech) obtained during NREM and REM sleep. The audio/video clips were stored and transcribed by two different scorers (not blind to the NREM or REM sleep origin) into written words or sentences, with consensual reconciliation when discordant.
Language Analysis
The verbal utterances were collected as speech episodes that varied from single words to sequences of sentences, including pauses, which were delineated by prolonged (greater than 10 seconds) silences. Speech episodes were segmented into clauses and into words. Clauses were defined as grammatical units that minimally include a predicate and an explicit or implied subject and that express a proposition. In most clauses, the predicate is a verb but some of them such as "Help! Help!" or "What a guy!" are devoid of a verb. For example, the following speech episode: "Pull a little! Pull a little! Pull a little! Here it is. Something wrong? Uh, pull! But bloody hell, pull!" contains 7 clauses and 20 words. We analyzed the presence of different contents: shouts, laughs, mutters, whispers, groans, movement of the lips without any sound, cries, stutters, perseverations (repeating the same word or the same proposition several times during a given speech episode), nasty and polite language (e.g., use of the following words: "thank you," "please," "excuse me," "sorry," "hello," "goodbye"), normal language, formal language, affirmative tone, negative tone (proportion of speech episodes and propositions containing a negator such as no, never, not, none), interrogative tone, and foreign language. The propositions were analyzed for verbosity (the mean number of clauses per speech episode and the number of words per episode); complexity (the percentage of subordinate clauses per episode); pronouns and first ("I"/"we"), second (you [including "Tu" and "Vous" in French]), and third (he/she, they) person use; negation; and offensive language (see below). The complete material was used for proposition analysis.
Lemmatization
For the morphological analysis of words used during sleep, we used lemmatization, a stemming method which determines the frequency of stem-words (or lemmas) knowing in which context they are used. The different forms in the same group of graphics units correspond to the different shapes of the same bending lemma (e.g., the words "mother," "mummy," "mama," "mum," and "maternal" belong to the same group "mother"). We used a statistical method of textual analysis, named correspondence analysis, which provides a contingency table. The word utilization profile represented the frequencies of each word in the verbal utterances produced by 141 subjects.
Turn-Taking in Conversation, Pauses, and Silences
In an usual, daily verbal exchange between two subjects, the speaker pronounces words delimited by short pauses or gaps (to inspire, lasting less than 800 milliseconds), and longer silences (named "switching pauses," between 810 milliseconds and 3 seconds) corresponding to silence between conversational turns, when the speaker allows the interlocutor to speak in turn. In all languages, there is a general avoidance of overlapping talk and a minimization of silence between conversational turns, with an average of 250 milliseconds from the cross-language mean. 12 These durations are provided for the French language. 13 In addition, when the interlocutor is not visible (e.g., during a phone call, and here during sleep), one may identify illocutionary acts in the speaker's sentences, 14, 15 including questions, orders, and requests that are requesting an answer from the interlocutor (e.g., "What do you think?"). To study gaps, switching pauses, and illocutionary acts, the bouts of speech were selected from 20 patients (9 with RBD and 11 sleepwalkers) and were downloaded in PRAAT software. 16 The spoken periods were manually delimited and classified as "complete," "incomplete," and "uncertain" propositions. Complete clauses included at least a subject and a verb, and clauses which completed a previous incomplete proposition after a silence (e.g., "my leg [silence] hurts me"). Gaps and switching pauses between words were identified and measured in milliseconds. In addition, we selected illocutionary acts and measured the time elapsed from the last question and the resumption of speech by the sleep talker. This time was supposedly corresponding to the "inaudible answer" of the interlocutor.
Offensive Language and Verbal Abuse
The presence of offensive language and verbal abuse was studied in two steps. First, we evaluated the frequency of offensive language by counting all dirty words, swear words, and verbal insults among 883 utterances of 232 subjects (129 with RBD and 103 sleepwalkers). The number of propositions containing dirty words was also counted. Second, the qualitative aspects of offensive language and verbal abuse were evaluated in a restricted sample containing the verbal production of 44 patients (24 with RBD and 20 sleepwalkers), selected on being the first patients of the collection. Offensive language and verbal abuse included dirty words (including expletives such as in "You'd better bloody well make it happen!" "The goddamn policeman"), swear words (e.g., "fuck!"), and negative axiology, which groups all verbal expressions transgressing social norms and including a negative judgment directed toward somebody (including verbal insults, threat, and malediction). 17, 18 However, when a swear word is spontaneously uttered but not targeted toward somebody, there is no verbal abuse. In contrast, sentences containing blame, denigration, and threat can be devoid of dirty words but still be perceived as verbal abuse (e.g., "You functionary!"). The worsening factors were linguistic elements accentuating the violence of the verbatim, including repetition, intonation, intensification, gestures (such as pointing), and sarcasms (signs of irritation such as puffing, sniggering, and tongue clicking), classified as recommended. 19 The video excerpts were transferred into the ELAN software (Windows Ltd.), which displays on the same screen the selected video clip, selects between-pause units and transcribes the episodes verbatim, and identifies the different phases of executed movements and their description.
Statistical Analyses
Descriptive statistics used mean ± SD for quantitative variables and percentages for qualitative ones. Statistical analyses were performed by a professional statistician (JLG). For comparisons of patient-related variables, such as age and sex, group comparisons were performed by Student's tests for quantitative variables and by chi-square tests for qualitative ones. The analyses of speech episodes were based upon mixed models, since numbers of episodes are variable among individuals. The relationships between speech episode-related variables and the group (REM vs. NREM sleep) were assessed by mixed logistic models, with each qualitative variable as the dependent variable, a subject random effect, and the group considered as a fixed effect. In the two restricted samples (turn-taking analysis, quality of offensive language), non-parametric Wilcoxon tests were used. In all tests, a probability lower than 0.05 was considered as significant. Computations were performed by the SAS V9.3 statistical package (SAS Institute Inc., Cary, NC, USA).
RESULTS
Descriptive Analysis of Sleep Talking
The sample contained 232 subjects ( Table 1) . As expected from the pathophysiology of these disorders, there were more male and older subjects in the RBD than in the sleepwalking group. The subjects recruited by advertisement for daily sleep talking produced very few words and exclusively during partial arousals from N2 and N3 NREM sleep, similarly to sleepwalkers. Therefore, they were included in this group for the analysis, despite they did not meet the criteria of arousal disorders. A sleep talker was referred for sleep apnea but produced a large quantity of words in NREM sleep (and a single sentence in REM sleep) and was also included in the sleepwalking group. The total sample included 103 sleepwalkers and subjects speaking in NREM sleep, and 129 subjects with RBD. The RBD group contained 52 (40.3%) patients with idiopathic RBD (mean age: 66.4 years), 67 (51.9%) patients (mean age: 61.5 years) with a neurological disorder (Parkinson's disease, n = 44; multiple system atrophy, n = 15; dementia with Lewy bodies, n = 8), and 10 patients (7.8%) with narcolepsy (mean age: 39.3 years).
Analysis of Speech Episodes
We collected 883 utterances from the subjects of the two groups (335 in NREM sleep and 548 in REM sleep). Of these 883 utterances, 522 contained non-verbal material (including 185 in NREM and 337 in REM sleep), including mumbles, whispers, groans, laughs, cries, and shouts, and 361 contained speech episodes (verbal sentences or isolated words), including 150 for NREM and 211 for REM sleep produced by 141 patients (with a similar sex ratio), after excluding non-verbal or incomprehensible utterances ( Table 1) . The list of all verbal transcripts is shown in Supplementary Table. Among the 361 speech episodes, 280 were in affirmative tone, whereas 94 were in interrogative form and 81/361 (22%) contained nasty words. Only 12 contained polite language (e.g., "Good morning"; "Please," "Can I help you?" "Hey, may I help you?", "Good morning, Madam," "Please Sir, I beg you, Sir," "Thank you again, to you and the others," "I am sorry for what I've done"), and three contained formal language (e.g., "However, I see that someone apostrophizes me to label them"; "We already lost: it seems discouraging"; "He fought this morning, he fought between life and death"). Audio-clip 5 contains an example of song during REM sleep. Foreign languages were occasionally heard, mostly in subjects with an English or Spanish mother tongue. There were more mumbles, laughs, movements of lips without sound, and polite words in REM than in NREM sleep, and there were more whispers, perseverations, nasty words, words with negative meaning (use of "no" or "don't"), and interrogative tone in NREM than in REM sleep. The number of speech episodes pronounced in NREM sleep tended to be more important than those pronounced in REM sleep. A single subject stuttered during REM sleep, as he did during wakefulness, saying: "C c c can you come in one second? Can come you in one second, yes or what?" (Audioclip 1).
Word Analysis
A total of 3349 understandable words were uttered during sleep, including 1604 in NREM sleep and 1745 in REM sleep, with 15.5% of words belonging to a foreign language. There was a mean of 22 ± 33 words (mean ± SD, range 0-213) uttered per night per subject, with no difference between the RBD and sleepwalking groups. Men spoke more than women (26 ± 39.8 vs. 15.2 ± 16.9 words/night, p = .025) and used a higher proportion of profanities (7.3 ± 16.2% vs. 2.7 ± 8.6% %, p = .03). Among the 3349 words, 46.2% were exclamations of all sorts ("oh," "ah," "eh," "hue," "hou," "tss," "oh la la," "ouh la la," "pft"). As an isolated word, "No" ("Non" in French) was the most frequent word of the night, with 95 (5.3%) occurrences among 1801 non-exclamatory words, vs. 14 (0.8%) "Yes" words. The most frequent words are listed by frequency in Table 2 after lemmatization. The various forms of negation (no, none, not, nope, nothing, no more-non, ne, pas, plus) represented 164 words, i.e., 9.1% of the total, and outnumbered rates found in the bank of one billion words of French spoken language. 20 In terms of frequency, after negation, the most frequent words were "you," and then various forms of the verb "to be," of "me/I," of "this/it," and of "you." The frequency of verbs occurring more than 10 times was in the following order: to be (more frequent than awake), to have, to do (more frequent than awake), to go (more frequent than awake), to wait (more frequent than awake), to say, to want (more frequent than awake), and to stop (more frequent than awake). Articles were in the following order of frequency: this (more frequent than awake), the (less frequent than awake), and a (less frequent than awake). Rare, elaborate words from the French language were used, usually once. They include the words "crédibiliser" (to give credibility to, Audio-clip 2 from REM sleep), "libeller" (to word, to draw up), "reconnaissant" (graceful), and "congrès" (congress). 
English translation
Clause Analysis
There were 703 clauses in total, 547 with and 156 without a verb (e.g., "Who?"). The syntax of sentences (whatever the language) was correct. The accordance between the subject and the verb was appropriate, as was the accordance between the article and the name. The tense of the verbs was mostly the present (81.9%), then the perfect (9.3%), the future (4.2%, with a more frequent use of the oral equivalent of the future tense, as in "I am going to do that" rather than the classical, written form of the future tense, as in "I will do that"), the preterit (2.2%), the infinitive (0.7%), the conditional (0.5%), the subjunctive (0.4%), as well as the present (0.5%) and past (0.2%) participles. The verbosity was not different between NREM vs. REM sleep, with a mean of 2.1 ± 2.1 clauses per speech episode in NREM sleep vs. 1.8 ± 2 in REM sleep (with no further differences between disorders causing RBD). There were more words per clause in NREM sleep (4.9 ± 2.7 words) than in REM sleep (4.5 ± 2.5 words, p = .02). In the 106 multi-clause episodes, 70 contained subordinate clauses, without any significant difference between NREM and REM sleep talking (12.9% of speech episodes contained at least one subordinate clause, including 14.3% in NREM vs. 11.9% in REM sleep, p = .50). Examples of speech episodes containing subordinate clauses (in italics) included the following sentences: "Ok, because it continues, I will take the numbers"; "When you arrive here, you stop"; "I don't know what happens to him"; "You're a little bitch, because you are rambling in the streets"; "No, we said that we will install the 39"; "I don't know if I did touch it or not"; "I don't see where the problem is, on the day when I must make the material"; "Liar! I'll slap you in the face if you sign it"; "Well, did somebody tell you that you were charming? What? No handsome guy told you that you were charming? But what kind of balls do they have, these guys? Are they all faggot or what?" "I don't know how to say it to you, I'd like that you give me a little kiss" (Audio-clip 3, NREM sleep). Seventy-nine (11.6%) clauses contained the imperative form of the verb, more frequently in REM (16.5% of clauses) than in NREM sleep (11.3%, p = .035). The second person (singular or plural) was used in 139/703 (19.8%) propositions, more frequently in REM (23.8%) than in NREM sleep (16.4%, p = .017). Examples of sentences with use of the second person (in italics) include the following: "Touch it. Anyway, I won't eat it. Otherwise, give it to the others" (REM sleep); or "I don't know. You say anything, whatever. Make something so that we can have some fun. I don't know: Making a baby to Stephanie of Monaco? But clear the way, I don't want to see you again, ah!" (NREM sleep). The other first and third person were used to a similar extent in clauses from NREM and from REM sleep (first person: 30% in NREM, 28.3% in REM sleep; third person: 34.2% in NREM, 26.7% in REM sleep). There were 146 (21.4%) clauses using the negative form, more frequently in NREM (26.8%) than in REM sleep (16.7%, p = .002). Examples included as follows: "No, no, no, no, because it's not, it's not, it's…eh, no, don't do that, no, eh, no, no, no, don't do that, no, no, eh, Stop! Stop! Stop! Eh, no, I...Eh, please, please!" (Audioclip 4, NREM sleep) or "I am not in a crisis, this isn't so, this isn't so when one is in a crisis. I cannot do anything" (NREM sleep). Overall, 90.1% of the clauses were addressed to somebody other than oneself.
Verbal Abuse
Nasty words were more frequent in REM than in NREM sleep (Table 1) . Words associated with politeness were rare in both groups and tended to be rarer than nasty words (p = .06). The word "putain" (equivalent to "fuck" in English) appeared 43 times (2.4% of the corpus), and "merde" ("shit") appeared 21 times (1.2%), much more than in spoken French language (Table 2 ). There were 66/683 (9.7%) clauses containing profanities, more frequently (15.1%) in NREM sleep than in REM sleep (4.9%, p < .0001). There were 81/361 (22%) speech episodes containing profanities, more frequently in NREM sleep (31.6%) than in REM sleep (8.9%, p < .0001). An example included the following: "Ah shit! Oh yes, fuuuck, tss ... Oh yes, I'll mess the shit whole thing up" (NREM sleep talking). The excess of profanities in NREM sleep was also found in the specific study of the subgroup analyzed for verbal abuse (Table 3) . Among 45 profanities, 37 were issued from NREM sleep and 8 from REM sleep. The words "shit" and fuck" were mostly uttered in NREM sleep, out of a context of verbal violence addressed to someone. In contrast, the time spent using verbal abuse was longer in subjects with RBD than with sleepwalking. Subjects with RBD emitted more condemnations and pressure on others, more verbal abuse directed to a "you" present in the interaction and more aggravating factors including prosody, intensification, and tone than sleepwalkers. No physical violence toward an invisible other person was found during NREM sleep in the sleepwalking group.
Silences During Turn Taking in Conversation
The gaps were studied within 307 speech episodes, including 130 in NREM sleep and 177 in REM sleep (distribution in Figure 1 ). In NREM sleep, the mean gap between two speech episodes was 192.3 ± 318.1 milliseconds, with a median of 123.7 milliseconds (range: 89.8-2449.6 milliseconds, hear for example Audio-clip 3). In REM sleep, the mean gap between two speech episodes was 130.6 ± 146.9 milliseconds, with a median of 91.2 milliseconds (range: 7.4-1117.8 milliseconds). The durations of the gaps were not different between the groups (p = .17 for a lognormal distribution). There were no short gaps (<800 milliseconds, suggestive of within-speaker pause) in NREM speech episodes and two (1%) short gaps in REM speech episodes. Only 13.1% of the NREM gaps and 7.9% of the REM gaps (p = .14) were longer than 3 seconds noted as a marker of turn taking in the awake French language. Among these 307 gaps, 70 (22.8%) gaps were placed before the markers of turn taking and had durations that were not different from those of other gaps. When considering the illocutionary status, the duration of the gaps was not different after a question, an order, an insult, or any of the preceding forms of language. The gap duration after an order was shorter in NREM than in REM sleep.
DISCUSSION
General Findings
The 232 subjects (103 sleepwalkers or NREM sleep talking and 129 with RBD) produced 882 speech episodes, containing 59% nonverbal utterance (mumbles, shouts, whispers, laughs, moans, and lip movements without sounds) and 3349 understandable words. The most frequent word was "no": various forms of negation represented 9.1% of all words and 21.4% of the clauses (more frequently in NREM sleep). There were 66 (9.7%) clauses containing profanities, which occurred more frequently (15.1%) in NREM than in REM sleep (4.9%). Men sleep-talked more than women and used a higher proportion of profanities. The language contained more frequent use of the second person and of the imperative form of the verb in REM sleep, and more questions in NREM sleep. Turn taking in apparent conversations respected the usual language gaps.
Predominance of Mumbling
Nocturnal language contained a majority of nonverbal utterances, predominantly mumbling. Sleepers were lying in many positions so that their heads may have been turned on their side or buried in the pillow or sheets, possibly making words less intelligible from a microphone placed 1 m over the head. However, the high frequency of noncomprehensible utterances exceeded a simple technical limit. Plus, whispers and silent lip movements were frequent too, even under good recording conditions. This suggests that the conditions for a normal, intelligible verbal exchange are not present during almost half of the sleep-associated utterances. The lack of sufficient pitch or articulation may be caused by persistent, sleep-related partial motor inhibition of the phonatory or articulatory system. In this regard, it was shown that some patients could still snore during complex movements in RBD (and were not protected against obstructive sleep apnea), suggesting that the upper airway-dilating muscles (which include the tongue and pharynx muscles Data are mean ± SD, otherwise specified. and are common to breathing and speaking) remained hypo-activated. 21, 22 Most sleepwalkers do not snore during NREM sleep parasomniac behaviors, except for some patients with sexsomnia who have been reported to snore during amnestic NREM sexual activities. 23 We may also imagine that the coordination between the brain area that builds the sentence and the executive phonatory system is impaired, as sleep reduces the connectivity between brain regions that work together during wakefulness. 24 Eventually, one may imagine that these utterances are rough productions of the motor cortex, devoid of any filtering of the basal ganglia, as suspected when observing the disappearance of parkinsonism during RBD movements and speech episodes. 6, 7 This bypass of the basal ganglia was later demonstrated in functional imaging during RBD movements, 25 as well as using deep brain electrodes recording during RBD. 26 Mumbles and silent lip movement were predominant in REM sleep, suggesting that the intermittent muscle atonia and change in coordination/drive impacted more speech during this stage. Whatever the causes of the mumbles, they were transient problems, as most same mumbling patients were able to utter perfectly intelligible sentences during the same night.
A Grammatically Correct Conversation
The sentences during sleep were grammatically correct (whether in French, English, or Spanish, with appropriate accordance between subject and verb, and between article and name) mostly in the present tense, and contained subordinate clauses, occasionally propped language and some rare subjunctive and conditional tenses. These results mean that sleep talking does not parallel baby speaking, providing no evidence for age regression during sleep. This complexity suggests that the same neural system that is used for language during wakefulness in adults is used during sleep talking. In this regard, the EEG activity of the left Broca's area (which is activated during awake speech) was more activated during expressive language in dreaming (reported after awakening from REM sleep) than the right central area. 27 Furthermore, high-density EEG analysis showed that dream experiences containing speech were associated with increased high-frequency activity over a left posterior temporal region corresponding to Wernicke's area, found 2-4 seconds before awakening subjects from REM sleep. 28 It would be fascinating to observe whether the syntax and semantics of sleep talking change during language training, for example, in children during language learning and later in subjects learning a second language.
Sleep language consisted of predominantly (90%) addressing words to an invisible third person, using the word "you" (singular or plural, respectful or not, in all meanings of the French language) but also the word "we," the imperative and interrogative forms, as well as communicative words such as "OK," "hello," "please," "attention," "stop," and "psst psst" (an exclamation to call attention). Interestingly, when the sleepers spoke with one or several persons, they left an appropriate silence as if listening to a response from their fictive talker. The gaps between turn taking were respected after questions and orders, as if speaking awake. This means that the dreamers spoke only those words that, in the dream, they experienced as their own. This dialogic speech could draw on theory-of-mind capacities, requiring the representation of a voice and the sense and intention of a plausible and realistic interlocutor. One may retort that this nocturnal dialogue is expected, as communication between humans is the genuine function of the language. However, a large part of the verbal language during wakefulness is devoted to "inner speech," 29 which corresponds to silent or loud verbal self-reflections and comments. Less than 10% of sentences could correspond to inner comments during sleep talking, which suggests that sleep talking does not unmask our inner silent verbal thinking. All in all, sleep talking is a brain's conversation with itself (in the absence of a real interlocutor), but contrary to inner speech, it is mostly a dialogue and rarely a monologue. Of interest, the total word count per speech episode was similar to the count found within auditory verbal hallucinations in nonpsychotic subjects (people who hear nondistressing voices and have no psychosis) and greater than in those with psychotic disorders.
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A Negative Language
The word "no" and the lemma "no/not" were the most frequent words during sleep talking, leading to 20% of negative clauses, a frequency that increased in NREM sleep. This frequency of negations is dramatically higher during sleep than 0.4% of "No" in the French spoken language. 20 The negative tone may parallel negative mental activity during sleep (dreaming). In this direction, it has been repeatedly shown that negative emotion (sadness, anger, confusion, and apprehension) outnumbers the expression of happiness and other positive emotions in dreams from the normal population. 31 Plus, it was shown that the brief visual scenes recalled by patients after sleepwalking episodes contained mostly misfortunes (baby in danger, collapsing ceiling, and imminent risk of death), whereas those associated with RBD included mainly violent, aggressive content. 32 However, the mental activity during RBD does not differ from the mental activity during normal REM sleep. 33 All in all, the negative content in dreams and in sleep talking support the evolutionary Threat Simulation Theory on the functions of dreams, 34 which speculates that dreams are embodied simulations that dramatize conceptions and concerns in order to train sleepers to more rapidly face dangers when awake. Subjects trained every night to escape wild animals or terrorists, fight aggressors, and avoid exclusions from a group would have better survived and protected their offspring. One may also imagine that only the tensed part of conversations is overt during sleep.
A Language With Verbal Offense
Verbal offense was surprisingly frequent and outnumbered polite language. The F word was among the most frequent words during sleep talking (2.4%) when it represents 0.003% of occurrences during usual French oral language. 20 One may imagine that it parallels the dramatic mental concern of the dreamers (one would use verbal violence more easily when fighting an aggressor or when being in danger) during sleepwalking or RBD or that it reflects a loss of social inhibition during sleep. In this regard, a relative hypoactivity of the inferior and middle frontal cortex (which contains networks developed by education) has been demonstrated during REM sleep compared with wakefulness in functional brain imaging, 35 possibly underlying the loss of politeness in many nocturnal speech episodes. The concomitant neurodegeneration of the frontal lobe in RBD patients with fully developed neurodegenerative disorders may further deepen the loss of social inhibition, although the awake language of patients with Parkinson disease is not characterized by any social disinhibition (on the contrary, their behaviors suggest a clear respect of the social rules, at least in our clinical experience). Plus, there is no evidence in functional imaging supporting a loss of inhibition during NREM sleep so that this explanation does not apply to the numerous profanities collected during NREM sleep. Similarly, a higher frequency of verbal abuse and negative content was noted during auditory verbal hallucinations in psychotic rather than nonpsychotic individuals, in association with higher activation of the right hemisphere language areas, predominantly the right inferior frontal cortex. 30, 36 If sleep talking mechanisms somehow compare with these hallucinations, they may imply higher activation of the right hemisphere than in wakefulness language, which is more marked in NREM than in REM sleep.
In patients with RBD, nocturnal aggressiveness contrasts with placid personality during wakefulness. 37, 38 However, in the REM and NREM sleep talkers, we have no direct comparison with their usual language when awake, which restrains the generalization of this finding. One may, however, note that the use of profanities is higher here than in the bank of one billion of words collected during wake French spoken language. The higher rate of profanities in men than in women during sleep talking may reflect differences in daytime education or more physical threats in male dreams. 39 Notably, nasty words were more frequent in NREM than in REM sleep, with onethird of speech episodes in NREM sleep containing profanities, and the nature of verbal offense differed between sleep stages. Verbal abuse in REM sleep lasted longer and was mostly directed toward insulting or condemning someone (with factors of intensification including more marked prosody and volume as well as repetitions), whereas undirected swearing predominated in NREM sleep. Again, these stage-related differences may reflect different mental activities, with more (aggressive) interactions with people in REM sleep, 40 hence the insults and condemnations, and more misfortune (hence the "spontaneous" profanities) during sleepwalking. 32 Eventually, sleep talking may correspond to the "punch line" of a conversation, i.e., the emergent, most violent part of the iceberg of covert speech, increasing the negativity of the language and verbal abuse.
A Language Restricted to NREM and REM Sleep Parasomnias?
This linguistic corpus was mostly obtained from patients with RBD and sleepwalkers. However, the speeches were also collected in 16 subjects recruited by advertisement for daily sleep talking or for sleep apnea, who notably behaved like patients with mild sleepwalking and talked in NREM sleep. These observations suggests that sleep talking could be a mild form (without concomitant movement, ambulation, or signs of intense fear) of confusional arousals within the spectrum of NREM parasomnias. Only 8% of the total verbal material was collected in these 16 subjects, but the qualitative observation of the semantics suggests that it is similar to the material collected during NREM parasomnia, despite statistical analysis would be a nonsense due to the size of this subsample (see their contents with asterisks in Supplementary Table) . As a consequence, if our results mostly concern two disorders characterized by dream-enacting behaviors and probably dream-enacting speech episodes, they may apply (to a less intense frequency) to sleep talking in the general population. A complete generalization would require monitoring sleep and speech episodes for several days in a large (e.g., one thousand people) sample of the general population, as sleep talking is a rare, unpredictable event. One may also turn toward home speech recording with individual, portable devices, but in the absence of concomitant sleep monitoring, it will be difficult to ensure recording sleep rather than wakeful talking. Another limitation of this work is the absence of prolonged recording of speech awake, which prevents from directly comparing sleep and wakeful language in the same subject. We bypassed this limitation by comparing the sleep talking materials with the largest bank of French spoken language to date. 20 We did not awake the sleepers just after their speeches to obtain their concomitant dream recalls. However, dream-speech comparison was performed in other studies and showed a fair concordance between the sleep-associated behaviors/speeches and the subsequent dream recall. 8, 32, [41] [42] [43] The language component of sleep is a rich source of information about brain processes during sleep. The complexity of sleep talking indicates that the sleeping brain remains to be able to perform a complex, high-level activity, although the executive phonatory/articulatory system seems partially impaired. Negations, questions, and nasty words predominate during this tensed dialogue with oneself, suggesting frequent conflicts during sleep-associated thoughts.
